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          Soil, Water, and Nutrients are major resources that contribute higher productivity of 
rainfed agriculture. The average productivity of rain fed agriculture is ranging 1-2 
tone/ha. Rain fed agriculture contributes about 44% of food grain basket and supporting 
forty percent of the population. Technological improvements after first green revolution 
helps in increasing productivity of overall agriculture but productivity specifically of rain 
fed agriculture need to be further increased to meet the consumption demand in coming 
years. It is estimated that about two fold of rain fed productivity to be increased to meet 
the food grain demand by 2025. This is a challenge for researchers, policy makers and all 
the people directly or indirectly associated with agriculture. There is tremendous scope 
for improving the productivity in rain fed farming by managing natural and man-made 
resources. Rain fed farming has many typical problems due to certain inherent 
characteristics. Soil degradation is one it. The application of chemical fertilizer triggered 
average productivity during last three decades but on other hand soil quality decline 
severely because of imbalance nutrients. Inadequate rainfall and imbalanced nutrients are 
major cause low productivity in rainfed.  Increased rate of fertilizer not only reduces the 
soil productivity but also increase the health hazard and cost of agricultural production. 
Review shows that integrated nutrient management is the best option to mitigate soil 
degradation in rainfed agriculture. Biomass of legumes along with chemical fertilizer not 
only reduces cost of production, but also maintains soil quality. In this view biomass 
production and its incorporation in soil has become prime importance in rain fed 
agriculture. The importance of biomass incorporation in sustainability of rainfed 
agriculture can be expressed in several ways. These are: (a) to reduce dependence on the 
on chemical fertilizers (b) to meet short of macro and micronutrients (c) to improve the 
soil physical health (d) to promote low cost input farming (e) it controls pathogens in the 
soil.  
 
Several experiments have shown that biomass incorporation is viable practice in 
rainfed agriculture by managing crops within stipulated time. Biomass though it is well 
known the practice is required to be further strengthened by proper planning in 
agricultural production system and creating awareness among the farmers by providing 
technical support. In rain fed, about 12-15 tone/ha fresh biomass can be produced by 
managing the time and cropping system. This can be ploughed to the field for enriching 
soil fertility and improving water retention capacity.  
 
It is timely to assess the requirement of biomass to be grown to meet the national 
challenges. Besides scope of biomass incorporation in rainfed agriculture for improving 
soil fertility the practice is not pervaded to the farmers field due to non-availability of 
suitable machines.  
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Mechanical Incorporation of Biomass  
 
The objective of mechanical incorporation is to achieve the quality incorporation 
with minimum amount of energy and cost of operation. In India, common tillage tools are 
MB plough, disk plough, disk harrow, tine cutltivator, country plough and rotary tiller. 
The existing implements; though using for biomass incorporation a very little work is 
done on the specific design of incorporation tools to meet all the aspects of quality 
incorporation. The maximum amount of incorporation, chopped biomass, well mixing 
with soil and deeper placement are measures of quality incorporations. Biomass placed 
below the surface decomposes faster than placing it on the surfaces because of warm and 
moist soil therefore ploughing is required. Besides ploughing, making biomass into small 
pieces may and its thorough mixing with soil may enhance the decomposition rate due to 
increased soil-to-straw contact. No machine with better efficiency is available to fulfill 
these criteria in single operation.  
 
The selection of machine for biomass incorporation is depending upon crops and 
cropping system, type of biomass to be incorporated, and soil conditions. In areas where 
soils are prone to erosion the placement of biomass on or near the surface is more 
preferable than deep placement to minimize soil loss. However, release of nutrients is 
faster when biomass is incorporated below the surface.       
 
Biomass incorporation, either surface or placement in deep the major limitations 
in adoption of practice are the mind-set problems and non-availability of the suitable 
machines. There is a need to design and develop a suitable machinery for achieving the 
quality incorporation with low energy and cost effective. The emphasis on biomass 
incorporation to meet soil fertility goals has increased the need for understanding the 
method of biomass disposal through appropriate machine and its effect on rate of 
decomposition in field conditions so that the farmers would adopt practice in scientific 
regime. Understanding of biomass disposal and its decomposition period in relation with 
machines performance under field condition is critical for efficient resource management.  
                                    
Existing Farm Implements for Biomass Incorporation 
 
MB plough incorporates all most all crop residues/biomass keeping the soil in a 
rough, loose and open condition. This combination of factors promoted high biological 
oxidation and promote exchange of gases. But, the distribution of biomass is uneven 
across the depth. Apart from this, it dose not take care of chopping which is one of the 
most important aspects of quality incorporation. It consumes almost double the energy 
required of other tillage tools like cultivator, rotary tiller disc harrow etc.  
 
 Disk plough incorporates biomass with incorporation efficiency slightly lesser 
than MB plough. The clod formation is almost similar but distribution of biomass along 
the depth is slightly varied. Generally, disk plough is preferred where soil is hard.   
 
Disk harrow incorporates little amount of biomass in shallow depth without 
taking care of shredding of above ground biomass. It simply glides over instead of going 
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deep and improving incorporation. Cultivator with special attachment tools incorporates 
biomass by placing it on and near the surface  
 
The rotary tiller aids incorporation, chopping and mixing of biomass in addition 
to providing good seed-bed. Incorporation of straw and stubbles of various crops by 
existing rotary tiller is well known but documentation on efficiency and in-situ 
incorporation of cover crops like sun hemp, cowpea and horse gram is little focused. 
Existing rotary tillers are of low incorporation efficiency (42-50%) and chopping 
efficiency (21-34%). The efficiency varies with type of biomass, C: N ratio, crop canopy, 
and soil conditions. The machine parameters like blade configuration, operational speed, 
direction and angle of cutting may also be affected on efficiency of rotary tiller.    
 
The equipments like slasher, shreader etc., makes the biomass into pieces but 
these are unable to incorporate the biomass effectively below the soil surface. The 
efficiency goes down as soon as blades come in contact with soil. These machines are 
suitable only for cutting of above ground biomass.  
 
The rational behind the designing of incorporation tools for effective 
incorporation and fast decomposition is to uproot the biomass completely from the soil, 
chop it properly, and place below the surface or cover the soil uniformly so that it should 
not expose the direct heat. Presently no machines are available for effective incorporation 
and enhancing the decomposition. Several studies shows that combination of different 
implements like MB plough and rotavator, MB plough and Disc harrow, Slasher and MB 
plough performs better and achieved quality incorporation. The quality incorporation 
may also be achieved by increasing the number passes. But, combination of different 
machines or increasing the number of passes increases cost of operation and consumes 
more energy which may not be feasible.                  
 
Development of CRIDA rotary tiller for Biomass Incorporation 
 
The experiments were conducted at Central Research Institute for Dryland 
Agriculture to standardize the operational and design parameters of rotary tiller. The 
effect of different blade shape on incorporation efficiency and energy requirement was 
studied. Providing little twist in cutting edge of L-blade gave better performance for 
biomass incorporation with less energy requirement. Slight modification in blade 
improves scooping and soil throwing action. Additional attachment of specially designed 
crumbler increased incorporation efficiency of modified rotary tiller considerably. 
Crumbler compressed the biomass in front of rotary tiller, which improve the interaction 
between blade and biomass. During the experiment it is observed that the efficiency of 
rotary tiller is greatly affected with peripheral speed, forward speed, and soil moisture. 
The chopping efficiency increases with increase in peripheral speed up to certain limits 
because of increased impact of rotary blades but later the effect is negligible. Operating 
tractor in II gear (0.7 m/s) shows better results in terms of incorporation and chopping 
efficiency. The best performance of rotary tiller is obtained at critical soil moisture (12-
18%). Above critical limit the efficiency was decreased because of clogging and below 
critical limit there is difficulty in deep penetration. At critical conditions, modified rotary 
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tiller gave 78% incorproation efficiency and 67% chopping efficiency in alfisol condition 
for incorporation of cover crops like cowpea, horsegram and sunhemp.   
 
The performance of modified rotary tiller is far better than the performance of 
existing rotary tiller. Comparing with other operation the incorporation efficiency is 
though 13% lower than combined operations of Mb plough and rotary tiller there is 
improvement in chopping and 39% saving in cost of operation. The continuous three 
years experiment on biomass incorporation shows that there is considerable improvement 
in soil nutrients in 0-15 cm layer where biomass is incorporated with modified rotary 
tiller and it is higher than any other tested implements. The modified rotary tiller is more 
appropriate machine for in-situ incorporation where sole cover crops to be incorporated.  
 
The modified rotary tiller helps in promoting biomass incorporation practice and 
ultimately contributes to meet the national goal for improving productivity of rainfed 
agriculture.    
  
 
